Introduction
============

Breast cancer is a major health concern worldwide and the most common type of cancer among women ([@b1-mco-0-0-1360]), with a reported 458,000 deaths annually, making it the most common cause of cancer-related mortality among women in developed as well as developing countries ([@b2-mco-0-0-1360]). Therefore, there is an urgent need for novel biomarkers for the prognosis and effective treatment of breast cancer. The T-cell immunoglobulin and mucin domain (*TIM*) gene family was positionally cloned in 2001 from within the T-cell and airway phenotype regulator locus as novel allergy and asthma susceptibility genes ([@b3-mco-0-0-1360]). The *TIM* gene family consists of eight members (*TIM-1-8*) on mouse chromosome 11B1.1, and three members (*TIM-1*, *TIM-3* and *TIM-4*) on human chromosome 5q33.2, a chromosomal region that has been repeatedly associated with asthma, allergy and autoimmunity ([@b4-mco-0-0-1360]).

Tim-3 was found to be particularly expressed in T helper type 1 (Th1) cells, CD8^+^ T cells and Th17 cells. At present, Tim-3 expression may be found in innate immune cells, including natural killer (NK) cells, dendritic cells (DCs), monocytes, mast cells and other lymphocyte subpopulations ([@b5-mco-0-0-1360]--[@b8-mco-0-0-1360]).

In recent years, Tim-3 has been considered to be a negative regulatory molecule, which plays a crucial role in antitumor immunity. However, the mechanism underlying its antitumor properties remains unknown. The aim of this study was to investigate the expression of Tim-3 in 150 invasive ductal breast cancer (IDC) and 100 normal breast tissue samples by immunohistochemistry and determine the expression of Tim-3 in breast cancer tissue and its association with clinicopathological parameters and cytotoxic lymphocyte (CTL) infiltration.

Patients and methods
====================

### Patient selection

A total of 150 breast cancer tissue specimens were collected from female patients at the Department of Breast Surgery of the Southwest Medical University Affiliated Hospital (Sichuan, China) between April, 2013 and May, 2014; all the cases were pathologically diagnosed postoperatively. Following selection of the paraffin blocks, 4-µm sections were prepared, stained with hematoxylin and eosin (HE), and the diagnosis was confirmed by two pathologists. Sections with inflammation, hemorrhage and incisional biopsies with insufficient tissue were excluded from the study. Clinical information, including age, primary tumor size, axillary lymph node metastasis and TNM stage, World Health Organization (WHO) grade, Ki-67, molecular classification and location of the lesion, was extracted from patient files and recorded in tables. The median age of the patients was 49.6 years (range, 33--68 years). Patients without any complications did not receive chemotherapy or other therapies prior to surgery. Furthermore, 100 pathologically confirmed normal breast tissue or benign lesion samples were also obtained, located at a distance 3.0--5.0 cm from the tumor. All the participants provided written informed consent and the study protocol was approved by the Ethics Committee of the Affiliated Hospital of Xinan Medical University. The study was conducted over a period of 6 months.

### Reagents and instruments

Rabbit anti-human Tim-3 polyclonal antibody (dilution, 1:500; catalog no., 185703; Abcam, Cambridge, UK); murine monoclonal anti-human CD8 antibody (dilution 1:500, GM710301, Gene Biology Company, Shanghai, China), 10% neutral buffered formalin, xylene, serial concentrations of ethanol, phosphate-buffered solution (PBS), 3% H~2~O~2~ and diaminobenzidine (DAB) (all from Jinshan Chemical Reagent Company, Chengdu, China).

### Immunohistochemistry

To quantify Tim-3 cells in large numbers of patients, paraffin-embedded IDC samples were processed for immunohistochemistry. The specimens were fixed in 10% neutral buffered formalin, embedded in paraffin and cut into 4-µm serial sections. Paraffin-embedded tissues were dewaxed in xylene, rehydrated by serial concentrations of ethanol and rinsed in PBS, followed by treatment with 3% H~2~O~2~ to block endogenous peroxidase. Following heating in a microwave at 750 W for 15 min to retrieve the tissue antigen, the sections were incubated with 10% normal goat serum at room temperature for 10 min to block non-specific reactions. This was followed by washing with PBS and incubation with polyclonal rabbit anti-human Tim-3 antibody (dilution, 1:500, clone 185703, IgG2a; Abcam), murine monoclonal anti-human CD8 antibody, for 12 h at 4°C, and with horseradish peroxidase-conjugated goat anti-rat IgG (dilution, 1:500; GM710301; Gene Biology Company, Shanghai, China). Following washing with PBS, the sections were developed in DAB substrate. The sections were then counterstained with hematoxylin for 2 min and dehydrated in ethanol and xylene prior to mounting on slides. The sections were subjected to EnVision immunohistochemical staining. PBS instead of primary antibodies was used as negative control. Visualization was achieved with ABC-Elite Reagent (Sigma, St. Louis, MO, USA). The sections were counterstained with Mayer\'s hematoxylin (Sigma). The nuclei were stained with 1% ammonium hydroxide. The number of Tim-3 cells was counted in five fields at a magnification of ×400.

### Statistical analysis

All the data were analyzed with the SPSS software package, version 17.0 (SPSS Inc., Chicago, IL, USA). Due to the non-normal distribution, the Mann-Whitney U-test was used for comparison between groups. Independent samples t-test was used for the comparison of two means; the Chi-squared test was used for rate comparison. P-values \<0.05 were considered to indicate statistically significant differences.

Results
=======

### Expression of Tim-3 in the tissue of invasive breast carcinoma and normal breast tissue

Tim-3 was found to be expressed on the surface of the tumor cells ([Fig. 1](#f1-mco-0-0-1360){ref-type="fig"}) and CD8^+^ T cells ([Fig. 2](#f2-mco-0-0-1360){ref-type="fig"}). Tim-3 expression on IDC cells (98%) was significantly higher compared with that in normal breast tissue (13%; χ^2^=0.195, P=0.000). Similarly, the expression of Tim-3 on CD8^+^ T cells in IDC tissue (90%) was also significantly increased compared with that in normal breast tissue (23%; χ^2^=11.11, P=0.000; [Table I](#tI-mco-0-0-1360){ref-type="table"}).

### Association between Tim-3 expression and clinicopathological characteristics in IDC patients

The expression of Tim-3 on tumor cells was significantly associated with clinicopathological characteristics, such as gender, age, lymph node metastasis and TNM stage (P=0.015, 0.001 and 0.027, respectively). Our study indicated that the median expression level of Tim-3 on CD8^+^ T cells was significantly associated with clinicopathological parameters such as lymph node metastasis, TNM stage, WHO grade and molecular classification (P=0.000, 0.004, 0.009 and 0.000, respectively), whereas it was not correlated with other clinicopathological parameters (all P-values \>0.05; [Table II](#tII-mco-0-0-1360){ref-type="table"}).

### Association between Tim-3 expression and the degree of CD^+^8 T-cell infiltration

The degree of CD8^+^ T-cell infiltration in IDC ([Fig. 3](#f3-mco-0-0-1360){ref-type="fig"}) was higher compared with that in normal breast tissue ([Fig. 4](#f4-mco-0-0-1360){ref-type="fig"}). Further analysis revealed that the degree of CD8^+^ T-cell infiltration was significantly correlated with primary tumor size, lymph node metastasis, WHO grade, Ki-67 and molecular classification (P=0.017, 0.002, 0.007, 0.003 and 0.000, respectively), whereas it was not correlated with other clinicopathological parameters (all P-values \>0.05; [Table III](#tIII-mco-0-0-1360){ref-type="table"}).

Furthermore, by evaluating the abovementioned parameters that were statistically significant by logistic multifactor regression analysis, axillary lymph node metastasis, WHO grade, Ki-67 and molecular classification were found to significantly affect the extent of the tumor infiltration by CTLs (all P-values \<0.05; [Table IV](#tIV-mco-0-0-1360){ref-type="table"}).

Discussion
==========

Co-opted immune checkpoint pathways are likely involved in the mechanism underlying tumor immune suppression. Tim-3 is a newly confirmed molecule with an important immunological function in several physiological and pathological processes.

Tim-3 was initially found to be selectively expressed on terminally differentiated interferon γ-producing CD4^+^ Th1 cells and CD8^+^ cytotoxic T cells ([@b9-mco-0-0-1360],[@b10-mco-0-0-1360]), as well as on Th17 cells, DCs, monocytes, regulatory T cells (Tregs), mast cells, NK cells and tumor-infiltrating lymphocytes. It is also expressed on tumor cells, such as melanoma, squamous cell carcinoma, gastric cancer and non-small-cell lung cancer cells, but not on CD4^+^ Th2 cells ([@b10-mco-0-0-1360]--[@b18-mco-0-0-1360]).

Previous studies suggested that Tim-3 may modulate the immune response of Th1 cells and regulate cell immune tolerance ([@b19-mco-0-0-1360],[@b20-mco-0-0-1360]). Tim-3 has also drawn significant attention in autoimmune diseases, anaphylactic diseases, immune tolerance and antitumor immunity ([@b21-mco-0-0-1360],[@b22-mco-0-0-1360]). The Tim-3/galectin-9 pathway plays an important role in the suppressive tumor microenvironment (TME). In a variety of cancers, the overexpression of Tim-3 is associated with poor prognosis ([@b9-mco-0-0-1360]).

Tim-3 marks the most suppressed or dysfunctional population of CD8^+^ T cells in preclinical models of solid as well as hematological malignancies; thus, Tim-3 may be a key immune checkpoint in tumor-induced immune suppression ([@b18-mco-0-0-1360],[@b23-mco-0-0-1360]).

The Tim-3/galectin-9 pathway contributes to the TME in the human body and Tim-3 is also characterized as a key regulator of the dysfunctional CD8^+^ T-cell phenotype ([@b18-mco-0-0-1360],[@b24-mco-0-0-1360]) early in the TME, where neoplastic growth is promoted via induction of CD8^+^ T-cell dysfunctionality ([@b25-mco-0-0-1360]).

Several recent studies demonstrated that Tim-3 is highly expressed in a large number of tumor tissues types, including cervical cancer ([@b15-mco-0-0-1360]), gastric cancer ([@b16-mco-0-0-1360]), acute myeloid leukemia ([@b23-mco-0-0-1360]) lung cancer ([@b25-mco-0-0-1360]), ovarian cancer ([@b26-mco-0-0-1360]) and glioma ([@b27-mco-0-0-1360]). In this study, the Tim-3 expression on tumor cells and CD8^+^ T cells of IDC and normal breast tissues was investigated by immunohistochemistry. The expression of Tim-3 in IDC tissue was distinctly higher compared with that in normal breast tissue (P=0.000), which suggested that Tim-3 was involved in the pathogenesis of breast cancer via its regulatory effect on various immune cells and tumor cells, indicating that Tim-3 may play an important role in tumorigenesis. The expression of Tim-3 on tumor cells may affect the malignant biological behavior of the tumor.

In the present study, we observed that the expression of Tim-3 in IDC was significantly associated with age (P\<0.05), reflecting the decrease in the overall immune ability of the body with advancing age. The expression of the negative regulatory immune molecule Tim-3 on breast cancer cells was clearly increased.

Our test results also demonstrated that the strength of the Tim-3 expression on tumor cells exhibited an increasing trend with the increasing number of metastatic axillary lymph nodes and advanced pathological stage. Furthermore, the expression of Tim-3 on IDC cells was significantly correlated with local axillary lymph node metastasis and pathological stage (P\<0.05), but the results of our study demonstrated that primary tumor size, WHO grade, Ki-67 and molecular classification of breast IDC were not significantly associated with the expression of Tim-3 on tumor cells. The possible underlying mechanisms may be as follows: i) A large amount of Tim-3 on the tumor cell surface forms a 'shield' to protect Tim-3-positive tumor cells from the toxicity of immunological effector cells; however, the expression of negative immune regulatory factor Tim-3 does not affect the proliferation and differentiation of tumor cells. ii) In some cases, the size of the primary tumor is large at clinical diagnosis; thus, immune adjustment factors are no longer able to interfere with the growth of tumor cells, or there is a disproportional rate of tumor cell proliferation and immune clearance. iii) The experimental data may be insufficient; thus, larger samples are required to confirm the findings.

In nearly all previous studies, immune cells were identified by specific cluster of differentiation (CD) markers, following immunohistochemical staining of the slides. It is important to distinguish between different types of T lymphocytes, as they all have different functions in the TME.

CD8^+^ T cells play an important role in the TME. CTL is the main antitumor immune cell type, which may identify tumor antigens and eliminate tumor cells with one of two main mechanisms: i) The perforin pathway, or ii) the Fas/FasL-mediated apoptosis pathway. Fourcade *et al* ([@b28-mco-0-0-1360]) discovered that Tim-3 was expressed on NY-ESO-1-specific CD8^+^ T cells in patients with advanced melanoma. They found that the blockade of both the Tim-3 and programmed cell death protein-1 (PD-1) pathways may reverse tumor-induced T-cell exhaustion in patients with advanced melanoma. Our results suggested that the Tim-3 expression on CD8^+^ T cells was correlated with tumor invasion and TNM stage, which may be due to Tim-3-induced T-cell exhaustion, leading to tumor occurrence.

Our test data demonstrated that the expression of Tim-3 on tumor-infiltrating CTLs increased as axillary lymph node metastasis progressed. Lymph node metastasis and TNM stage, primary tumor size, WHO grade and molecular classification are significantly associated with the expression of Tim-3 on CTL cells (P\<0.05).

This indicates that the expression of Tim-3 on CTLs may inhibit the tumor cell-killing function of CTLs. Even in the TME, CD8^+^ CTLs may transform into CD8^+^ Tregs, decreasing the tumor-infiltrating CTL immune surveillance, decreasing the local immune function and promoting the growth of tumor cells and metastasis.

The present study analyzed the association of tumor-infiltrating CTLs and the pathological characteristics of breast-infiltrating ductal carcinoma by single factor analysis of variance and demonstrated that primary tumor size, axillary lymph node metastasis, WHO grade, Ki-67 and molecular classification may statistically significantly affect the degree of tumor CTL infiltration (P\<0.05).

Furthermore, the abovementioned statistically significant parameters were assessed by multiple logistic regression analysis and the results also demonstrated that axillary lymph node metastasis, WHO grade, Ki-67 and molecular classification significantly affect the extent of CTL infiltration of the tumor. The possible underlying mechanism may be as follows: i) High expression of the negative immunomodulatory molecule Tim-3 on tumor-infiltrating CTLs may result in immune malfunction; as the tumor grows, CD8^+^ CTLs may transform into CD8^+^ Tregs. ii) Low degree of CTL infiltration may lead to poor local immunity, which may contribute to tumor growth. iii) The lower the degree of tumor differentiation, the higher its antigenicity, which may cause a stronger local immune response.

In conclusion, Tim-3 is expressed in the majority of solid tumors and tumor-infiltrating CTLs. This finding suggests that Tim-3 participates in the immune escape through the following mechanisms: i) When it binds to its receptor, Tim-3 may induce T-cell apoptosis or immune incompetence; ii) a large amount of Tim-3 on the tumor cell surface may form a 'shield', which may protect Tim-3-positive tumor cells from toxic injury or elimination by CTLs; iii) Tim-3 positive cells may also affect T-cell secretion of negative cytokines or Treg coordination.

Sakuishi *et al* ([@b18-mco-0-0-1360]) reported that, in lymphocytes infiltrating solid tumors in mice, co-expression of Tim-3 and PD-1 may be detected. The multi-targeted therapy of Tim-3 and PD-1 has been highly effective in controlling tumor growth. Our study demonstrated that the expression of Tim-3 in breast cancer tissue was negatively correlated with certain clinicopathological parameters; however, the underlying mechanisms remain unclear. Therefore, further research on the multi-targeted therapy of Tim-3 and PD-1 for the treatment of breast cancer.

In conclusion, Tim-3 is highly expressed in breast IDC cells and tumo-infiltrating CTLs. The expression of Tim-3 exhibits a positive correlation with the malignant behavior of the tumor. The expression of Tim-3 on CTLs is negatively correlated with degree of CTL infiltration, and Tim-3 expression in breast cancer exerts a negative effect on immune regulation. The largest diameter of the primary tumor, the number of metastatic axillary lymph nodes, degree of tumor cell differentiation and molecular classification of breast cancer significantly afect the extent of the CTL infiltration of the tumor tissue.

![Photomicrograph showing high expression of Tim-3 on invasive ductal breast carcinoma cells (immunohistochemical staining; original magnification, ×400). Tim-3, T-cell immunoglobulin and mucin domain-3.](mco-07-04-0557-g00){#f1-mco-0-0-1360}

![Photomicrograph of a section showing high expression of Tim-3 on the cytotoxic lymphocytes infiltrating invasive ductal breast carcinoma (immunohistochemical staining; original magnification, ×400). Tim-3, T-cell immunoglobulin and mucin domain-3.](mco-07-04-0557-g01){#f2-mco-0-0-1360}

![Photomicrograph of a section showing the extensive infiltration by CD8^+^ T-cells in invasive ductal breast carcinoma tissue (immunohistochemical staining; original magnification, ×200).](mco-07-04-0557-g02){#f3-mco-0-0-1360}

![Photomicrograph of a section showing limited infiltration by CD8^+^ T-cells in normal breast tissue (immunohistochemical staining; original magnification, ×200).](mco-07-04-0557-g03){#f4-mco-0-0-1360}

###### 

Expression of Tim-3 on breast tissue cells and on CTLs in IDC and normal breast or benign lesions.

                                       Expression of Tim-3 on breast tissue cells   Expression of Tim-3 on CTLs         
  ------------------------------ ----- -------------------------------------------- ----------------------------- ----- -------
  IDC                            150   147                                          98                            135   90
  Normal breast/benign lesions   100     13                                         13                            23    23
  χ^2^                                                                              0.195                               11.11
  P-value                                                                           0.000                               0.000

Tim-3, T-cell immunoglobulin and mucin domain-3; CTL, cytotoxic lymphocyte; IDC, invasive ductal carcinoma.

###### 

Association between the expression of Tim-3 and the clinicopathological characteristics of patients with breastinfiltrating ductal carcinoma.

                                   Tim-3 expression                                                       
  -------------------------- ----- ------------------ -------------- ------- ------------- -------------- -------
  Age, years                                                         0.015                                0.991
    \<45                     48    27 (56.25)         21 (43.75)             24 (50.00)    24 (50.00)     
    ≥45                      102   36 (35.29)         66 (64.71)             52 (50.98)    50 (49.02)     
  Tumor size                                                         0.422                                0.114
    T1                       51    24 (47.06)         27 (52.94)             31 (60.78)    20 (39.21)     
    T2                       36    15 (41.67)         21 (58.33)             18 (50.00)    18 (50.00)     
    T3                       60    24 (40.00)         36 (60.00)             27 (45.00)    33 (55.00)     
    T4                       3       0 (0.00)           3 (100.00)             0 (0.00)      3 (100.00)   
  Lymph node status                                                  0.001                                0.000
    N0                       42    21 (50.00)         21 (50.00)             36 (85.71)      6 (14.29)    
    N1                       69    36 (52.17)         33 (47.82)             28 (40.58)    41 (59.42)     
    N2                       24      3 (12.50)        21 (87.50)               6 (25.00)   18 (75.00)     
    N3                       15      3 (20.00)        12 (80.00)               6 (40.00)     9 (60.00)    
  TNM stage                                                          0.027                                0.004
    I                        18    12 (66.67)           6 (33.33)            10 (55.56)      8 (44.44)    
    II                       42    21 (50.00)         21 (50.00)             30 (71.43)    12 (28.57)     
    III                      60    18 (30.00)         42 (70.00)             27 (45.00)    33 (55.00)     
    IV                       30    12 (40.00)         18 (60.00)               9 (30.00)   21 (70.00)     
  WHO grade                                                          0.536                                0.009
    I                        15      6 (40.00)          9 (50.00)              3 (20.00)   12 (80.00)     
    II                       99    39 (39.39)         60 (60.61)             49 (49.49)    50 (50.51)     
    III                      36    18 (50.00)         18 (50.00)             24 (66.67)    12 (33.33)     
  Ki-67, %                                                           0.630                                0.512
    \<14                     39    15 (38.46)         24 (61.24)             18 (46.15)    21 (53.85)     
    ≥14                      111   48 (43.24)         63 (56.76)             58 (52.25)    53 (47.75)     
  Molecular classification                                           0.314                                0.000
    Luminal A                24      9 (37.50)        15 (62.50)             15 (62.50)      9 (37.50)    
    Luminal B                60    30 (50.00)         30 (50.00)             18 (30.00)    42 (60.00)     
    HER2-overexpressing      36    15 (41.67)         21 (58.33)             19 (52.78)    17 (47.22)     
    Basal-like               30      9 (30.00)        21 (70.00)             24 (80.00)      6 (20.00)    

Tim-3, T-cell immunoglobulin and mucin domain-3; CTL, cytotoxic lymphocyte; TNM, tumor-node-metastasis; WHO, World Health Organization; HER2, human epidermal growth factor receptor 2.

###### 

Association between expression of Tim-3 on CTLs and the clinicopathological parameters of breast infiltrating ductal carcinoma.

                                    Expression of Tim-3 on CTLs                          
  --------------------------- ----- ----------------------------- ------------- -------- -------
  Age, years                                                                    3.160    0.075
    \<45                      48    18 (37.50)                    30 (62.50)             
    ≥45                       102   24 (23.53)                    78 (76.47)             
  Tumor size                                                                    10.177   0.017
    T1                        51    15 (29.41)                    36 (70.59)             
    T2                        36      6 (16.67)                   30 (83.33)             
    T3                        60    18 (30.00)                    42 (70.00)             
    T4                        3       3 (100.00)                    0 (0.00)             
  Lymph node status                                                             14.482   0.002
    N0                        42      3 (7.14)                    39 (92.87)             
    N1                        69    27 (39.13)                    42 (60.87)             
    N2                        24      6 (25.00)                   18 (75.00)             
    N3                        15      6 (40.00)                     9 (60.00)            
  TNM stage                                                                     3.564    0.313
    I                         18      3 (16.67)                   15 (83.33)             
    II                        42    12 (28.57)                    30 (71.43)             
    III                       60    15 (25.00)                    45 (75.00)             
    IV                        30    12 (40.00)                    18 (60.00)             
  WHO grade                                                                     9.939    0.007
    I                         15      9 (60.00)                     6 (40.00)            
    II                        99    27 (27.27)                    72 (72.72)             
    III                       36      6 (16.67)                   30 (83.33)             
  Ki-67                                                                         8.615    0.003
    \<14%                     39    18 (46.15)                    21 (53.85)             
    ≥14%                      111   24 (21.62)                    87 (78.38)             
  Molecular classification                                                      23.636   0.000
    Luminal A                 24      9 (37.50)                   15 (62.50)             
    Luminal B                 60    27 (45.00)                    33 (55.00)             
    HER2-overexpressing       36      6 (16.67)                   30 (83.33)             
    Basal-like                30      0 (0.00)                    30 100.00)             
  Tim-3 expression on tumor                                                     0.946    0.331
    Low                       63    15 (23.80)                    48 (76.20)             
    High                      87    27 (31.03)                    60 (68.97)             

CTL, cytotoxic lymphocyte; TNM, tumor-node-metastasis; WHO, World Health Organization; HER2, human epidermal growth factor receptor 2; Tim-3, T-cell immunoglobulin and mucin domain-3.

###### 

Analysis of multiple factors affecting the infiltration degree by CTLs.

                              Exp(B) CI 95%                                                             
  --------------------------- --------------- --------- --------- --- --------- ----------- ----------- ------------
  Tumor size                  −13.962           0.685   425.901   1     0.229     1.767       0.488       8.566
  Lymph node status           −4.649            1.387   11.236    1     0.001     0.010       0.046       1.345
  WHO grade                     0.576           1.137   .257      1     0.002     1.779       0.023       0.665
  Ki-67                         1.240           0.860   39.34     1     0.038     3.456       1.020     29.720
  Molecular classification    16.910          985.39      0.000   1     0.000     2.200E9     7.140E8     4.791E10
  Tim-3 expression on tumor   −0.983            0.640     2.359   1     0.125     0.374       1.07        1.312

CTLs, cytotoxic lymphocytes; WHO, World Health Organization; SE, standard error; df, degree of freedom; CI, confidence interval.
